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httcense.Abstract Aim of the work: To evaluate the role of multimodal CT [non-enhanced CT (NECT),
CT perfusion (CTP), and CT angiography (CTA)] in selection of acute ischemic stroke patients
for reperfusion therapy.
Patients and methods: This prospective study included 35 patients with evidence of acute stroke in
the middle cerebral artery territory of less than 12 h duration. Patients underwent multimodal CT
including: (1) NECT (2) CTP (3) CTA. Qualitative and quantitative interpretation of the CTP was
done to differentiate penumbra and infarction. CTA was evaluated for arterial occlusion or stenosis
and the presence of collaterals.
Results: The areas of infarction showed a signiﬁcant decrease in CBF (p= 0.03) and CBV values
(p= 0.01) compared to the corresponding area in the contralateral normal hemisphere. The areas
of penumbra showed a signiﬁcant decrease in CBF (p= 0.04) and insigniﬁcant difference in CBV
(p= 0.2) compared to the corresponding area in the contralateral normal hemisphere. Cutoff val-
ues of 2.0 for the CBV and MTT > 130% of the contralateral normal hemisphere allowed the best
differentiation of infarction and penumbra.
Conclusion: Multimodal CT imaging fulﬁlls all the requirements for selection of patients for reper-
fusion therapy and so helps in stroke treatment decisions.
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In the assessment of acute ischemic stroke, neuroimaging plays
a critical role in determining patient care. Non enhanced
computed tomography (NECT) remains the standard initial
imaging technique because of its high sensitivity for the detec-
tion of intracranial hemorrhage, which represents an absolute
contraindication to thrombolytic therapy. Unfortunately, rou-
tine NECT has substantially low sensitivity for ischemic stroke
detection (1). Recently, the introduction of reperfusion therapy
for acute stroke has changed the goals of neuroimaging
from providing solely anatomic information to providingProduction and hosting by Elsevier B.V.
.12.006
72 A.E. Mousa et al.physiologic information that could help to determine which
patient might beneﬁt from therapy. The advent of thrombo-
lytic therapy for acute non-hemorrhagic stroke has intensiﬁed
the need for a rapid readily available technique to help identify
and quantify the presence and extent of a perfusion deﬁcit (2).
The ﬁnal outcome and residual deﬁcit of stroke will be decided
by how fast reperfusion is achieved, which in turn depends on
how early the diagnosis is made. Magnetic resonance (MR)
perfusion, xenon computed tomography (CT), positron emis-
sion tomography (PET), and single photon emission computed
tomography (SPECT) have all been used to evaluate cerebral
perfusion but are hampered by limited availability, cost, and/
or patient tolerance (2). Perfusion CT and CT angiography
were introduced to rapidly and easily evaluate cerebral perfu-
sion and the status of large cervical and intracranial arteries in
patients presenting with acute stroke symptoms (3,4).2. The aim
The aim was to evaluate the role of multimodal CT assessment
(non-enhanced CT, CT perfusion, and CT angiography) in
selection of acute ischemic stroke patients who are candidate
for reperfusion therapy.3. Patients and methods
This prospective study included 35 patients (age range 39–
72 years, mean age 44.3 years; 21 males and 14 females) with
signs and symptoms suggestive of acute stroke (hemiparesis,
hemisensory loss, aphasia) in the territory of the middle cere-
bral artery (MCA) of less than 12 h duration (range 3–12 h,
average of 4.8 h). Informed consent was provided by the legal
representatives of the patients prior to the CT examinations.
All patients underwent multimodal CT assessment includ-
ing: (1) non-enhanced CT (NECT) to exclude hemorrhage or
other mimicking lesions (as: infection, AVM, neoplasms). In
the absence of hemorrhage we proceed to the next step. If hem-
orrhage is present, CT examination is ended and the patient is
excluded from the study (2) CT perfusion (CTP) (3) CT angi-
ography (CTA).
CT assessment was done using a 16-multidetector rows
scanner (General Electric Bright-Speed; General Electric Med-
ical Systems, Milwaukee, WI). CT examinations were per-
formed in the following order: NECT followed by CTP then
CTA.
3.1. Image acquisition
NECT was performed with the following parameters: 120 kVp,
300 mAs, and a section thickness of 2 mm for the posterior fos-
sa and 4 mm for the supratentorial region. This examination
usually takes less than 1 min.
CTP imaging was performed in continuous cine mode (CT
table stationary) with 5 s delay after injection of contrast mate-
rial. Image parameters: 20-mm slab of two adjacent 10-mm
sections was selected from the level of the basal ganglia to
the lateral ventricles where all three supratentorial vascular ter-
ritories can be evaluated. Scans were obtained in the transverse
plane. For all scanning, 25-cm ﬁeld of view with 80 kVp and
200 mA for 45 s was used, and scans were reconstructed with
a matrix of 512 · 512 pixels. Non-ionic contrast material(scanlux with 370 mg iodine/mL) was administered intrave-
nously in a dose of 50 mL and infusion rate of 4 mL/s.
CTA extended from the aortic arch to the vertex to examine
the extracranial and intracranial vessels. For optimum delay
time, automated bolus tracking technique was used in all pa-
tients where the machine automatically starts scanning once
the level of contrast enhancement in the aortic arch reaches
a value of 70 HU. Non-ionic contrast material (scanlux with
370 mg iodine/mL) was administered intravenously by a power
injector through a 18–20 gauge cannula located in an adequate
vein mostly the left arm. Contrast media is injected in a dose of
100–120 mL at a rate of 4–6 mL/s. Scanning parameters were;
section thickness: 0.65 mm, kV: 120, mAs: 75–120, pitch: 1–1.5
and gantry rotation time 0.5 s.
3.2. Post processing
Post processing of CTP data was done at an imaging worksta-
tion equipped with commercially available CTP analysis soft-
ware (CT Perfusion; GE Medical Systems). Post processing
required the placement of freehand drawn regions of interest
(ROIs) in an input artery and an output vein, for which
time-attenuation curves were generated. The arterial ROI
was selected in one of the anterior cerebral arteries (ACAs).
The venous ROI was selected in the superior sagittal sinus or
torcular herophili. These vessels were chosen because they
are reliably identiﬁed in most subjects and because their
courses run nearly perpendicular to the transverse plane of sec-
tion used in CT scanning of the brain so, volume-averaging
artifacts would be decreased. Since the artery is smaller than
the vein, the venous ROI is necessary to correct the data for
partial volume averaging effect in the arterial ROI and thereby
help achieve accurate quantiﬁcation of perfusion parameters.
The software then generates color-coded perfusion maps:
mean transit time (MTT), cerebral blood ﬂow (CBF) and cere-
bral blood volume (CBV) maps. Multiple ROIs were placed in
the areas of regional abnormalities detected on perfusion maps
and in the corresponding areas in the contralateral normal
cerebral hemisphere to yield quantitative data.
In CTA, about 1000–1500 axial images/study were gener-
ated. The images were then transferred to an advantage work-
station for display in various 2D and 3-D techniques like
maximum intensity projection (MIP), surface shaded display
(SSD), multiplanar reformatted (MR) images and volume ren-
dered (VR) images.
3.3. Image interpretation
NECT was examined for: (1) exclusion of intracerebral hemor-
rhage or any other lesions that cause acute neurologic deﬁcits
(e.g., tumor, infection) (2) detection of signs denoting early
ischemic lesion as: obscuration of the lentiform nucleus, loss
of distinction among the nuclei of the basal ganglia, hypoat-
tenuation of the insular cortex in the early stage of MCA
occlusion, swelling of the gyri with effacement of the sulci,
hyperattenuating ‘‘hyperdense’’ sign of the MCA relative to
the normal contralateral one, and normal appearance of the
affected brain tissue within the ﬁrst 3 h after the onset of
symptoms.
Qualitative and quantitative interpretation of the CTP was
done. Qualitative assessment was done by visual analysis of the
perfusion maps using the color scale on the side of each map
Fig. 1 Acute stroke of 6 h duration in a 62-year-old man with left hemiplegia. (A) NECT shows hypoattenuation of the right basal
ganglia. CT perfusion maps of MTT (B) CBV (C) and CBF (D) show prolonged MTT (arrows in B) that corresponds to the ischemia. A
matched decrease in CBV (0.80 mL/100 g, 29.6% of the contralateral hemisphere) (arrows in C) and CBF (7.0 mL/min/100 g, 26.7% of
the contralateral hemisphere) corresponds to the infarct core. A larger region of decreased CBF (15.1 mL/min/100 g, 53.2% of the
contralateral hemisphere) (arrows in D) with maintained CBV ‘‘mismatch’’ corresponds to both infarct core and penumbra. The difference
between CBF and CBV maps represents a signiﬁcant area of penumbra denoting good response to reperfusion therapy. (E) curved
reformatted MIP shows tight critical stenosis of the right ICA origin as well as the calciﬁed plaque at the bulb. (F) VR image shows short
segment of occlusion at the right ICA origin (arrow).
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Fig. 2 Acute stroke of 4.5 h duration in a 51-year-old man with left hemiplegia. (A) NECT shows hypoattenuation of the right parietal
region. CT perfusion maps of MTT (B) CBV (C) and CBF (D): there is prolonged MTT (arrows in B) that corresponds to ischemia. The
matched decrease in CBV (0.70 mL/100 g, 26% of the contralateral hemisphere) (arrows in C) and CBF (6.80 mL/min/100 g, 24% of the
contralateral hemisphere) represents infarct core. A larger region of reduced CBF (16.8 mL/min/100 g, 59.2% of the contralateral
hemisphere) (arrows in D) but maintained CBV ‘‘mismatch’’ corresponds to both infarct core and penumbra. The difference between CBF
and CBV maps denotes signiﬁcant area of penumbra. (E) VR: image shows amputated right ICA at its origin (arrow) and 50% stenosis at
the contra-lateral side.
74 A.E. Mousa et al.which is fast especially in the emergency setting. The MTT
map was analyzed ﬁrst because it facilitates depiction of the
ischemic area which appears as regional abnormality. Subse-
quently, we analyzed the CBF and CBV maps to distinguish
penumbra from infarction. Regional abnormalities in CBVmaps correspond to infarction core whereas regional abnor-
malities in CBF maps correspond to both infarction core
and penumbra, so the presence and extent of penumbra could
be evaluated. In quantitative assessment; CBV, CBF and MTT
were measured by placing multiple ROIs in the suspected
Fig. 3 Acute stroke of 6 h duration in a 55-year-old woman with right hemiplegia. (A) NECT shows hypoattenuation of the left insula.
CT perfusion maps of MTT (B) CBV (C) and CBF (D) show prolonged MTT (arrows in B). A matched decrease in CBV (0.59 mL/100 g,
21.9% of the contralateral hemisphere) (arrows in C) and CBF (6.5 mL/min/100 g, 23% of the contralateral hemisphere) corresponds to
the infarct core. The abnormalities in CBV and CBF maps (arrows in D) are nearly of the same size denoting insigniﬁcant area of
penumbra. (E) CTA shows total occlusion of left MCA (arrow). Absent ﬁlling of the distal middle cerebral artery branches and collateral
circulation from other arteries suggest poor response to reperfusion therapy.
Multimodal CT assessment of acute ischemic stroke 75ischemic area of regional abnormality and in the correspond-
ing location in the contralateral normal hemisphere, to obtain
quantitative values of MTT, CBV, and CBF. Prolonged MTT
as compared to the normal side, denotes ischemia ‘‘penumbra’’or infarction. Then to differentiate penumbra and infarcted tis-
sue, CBV and CBF values were compared.
CTA was evaluated for: (a) presence and location of arterial
occlusion. (b) presence and location of arterial stenosis and its
76 A.E. Mousa et al.degree. Arterial stenosis was graded as mild (less than 50%),
moderate (50–70%) or severe (more than 70%). (c) presence
of collaterals.
4. Statistics
The statistical analysis of data was done using SPSS (Statistical
Package for the Social Science version 16 Inc.; Chicago, IL)
program software package for windows. The mean and SD
of the penumbra and infarct core values were calculated. Stu-
dent’s t test was used to compare between the two groups. The
p value was considered statistically signiﬁcant if equal or less
than 0.05 at 95% conﬁdence interval. Receiver operating char-
acteristic curves were drawn to determine the cutoff points
with highest sensitivity and speciﬁcity that were used to differ-
entiate penumbra and infarct core. Sensitivity, speciﬁcity,
accuracy, positive predictive value (PPV), and negative predic-
tive value (NPV) were computed from the curve.
5. Results
5.1. Non-enhanced CT scans
Abnormalities consistent with acute ischemic stroke were de-
tected on NECT in 24 of 35 patients while the remaining 11 pa-
tients showed normal appearance of the brain parenchyma.
Obscuration or decreased attenuation of the basal ganglia
was detected in 13 patients. Obscuration or decreased attenu-
ation of the insular ribbon was detected in six patients. Large
areas of decreased attenuation were found in ﬁve patients. In-
creased attenuation of the middle cerebral artery (MCA) could
not be seen in any patient.
5.2. CT perfusion
Qualitative assessment by visual analysis of the perfusion maps
revealed good quality of the perfusion maps in all patients. Im-
age analysis was performed by two radiologists (M.E.A. and
E.M.M.). Disagreement between them was resolved by consen-
sus. Regions of MTT and CBF abnormalities were detected in
all the patients. Regions of CBV abnormality were found in 31
of 35 patients while four patients with acute stroke had no re-
gional CBV abnormality. Signiﬁcant penumbra (the difference
between CBF and CBV maps) was detected in 26 patients
(Figs. 1 and 2).
On quantitative assessment, the areas of infarction
showed a signiﬁcant decrease in CBF (p= 0.03) and CBV
values (p= 0.01) compared to the corresponding area in
the contralateral normal hemisphere (Figs. 1–3). The mean
CBF value in regions of infarction was 8.6 ± 6.2 mL/100 g/
min compared to the mean CBF value of 28.4 ± 7.6 mL/
100 g/min in the contralateral normal hemisphere. The meanTable 1 CTP parameters (CBF, CBV and MTT) in infarction, pen
CTP parameters Infarct core
MTT (sec) 7.2 ± 2.4
CBV (mL/100 g) 0.9 ± 0.3
CBF (mL/100 g/min) 8.6 ± 6.2
The data are mean values ± standard deviations.CBV in regions of infarction was 0.9 ± 0.3 mL/100 g
compared to the mean CBV value of 2.7 ± 0.6 mL/100 g in
the contralateral normal hemisphere. The mean MTT value
in regions of infarction was 7.2 ± 2.4 s compared to
4.4 ± 1.1 s in the contralateral normal hemisphere (p =
0.02). The areas of penumbra showed a signiﬁcant decrease
in CBF (p= 0.04) while the CBV showed an insigniﬁcant
difference (p= 0.2) compared to the corresponding area in
the contralateral normal hemisphere (Figs. 1 and 2).
Thirty-one out of 35 patients had decreased CBV values
while four patients had increased CBV values on affected
sides compared to the corresponding areas in the contralat-
eral normal hemisphere. The mean CBF value in regions of
penumbra was 16.4 ± 4.1 mL/100 g/min compared to the
mean CBF value in the contralateral normal hemisphere.
The mean CBV in regions of penumbra was 2.3 ± 0.4 mL/
100 g compared to the mean CBV value in the contralateral
normal hemisphere. The mean MTT value in regions of pen-
umbra was 5.8 ± 1.0 s compared to the contralateral normal
hemisphere (p = 0.04). The data (mean values ± standard
deviations) are summarized in Table 1.
Cutoff values of 2.0 for the CBV and MTT of more than
130% of the contralateral normal hemisphere allowed the best
differentiation of infarction and penumbra with sensitivity
93%, speciﬁcity 90% and accuracy 89.5%.
6. CT angiography
CTA demonstrated occlusion of the internal carotid artery
(ICA) on the affected side in eleven patients (Figs. 1, 2 and
4). Stenosis of the ICA artery on the affected side was detected
in nine patients and it was of severe degree (Fig. 5). Occlusion
of the whole MCA on the affected side was detected in ﬁve pa-
tients (Fig. 5). Occlusion of the proximal MCA was detected in
six patients while distal MCA occlusion (M2 and M3) was de-
tected in four patients. Sixteen patients showed collateral cir-
culation on CTA.
7. Discussion
The use of thrombolytic agents and other forms of reperfusion
therapy have provided means to reverse ischemia and prevent
cerebral infarction or minimize the size of infarctions. CT per-
fusion and CT angiography play an important role in selection
of patients for therapy, raising many issues regarding their
appropriate use in clinical care of patients (5,6).
In the current study, the aim was to evaluate the role of
multimodal CT examinations in selection of patients with
acute ischemic stroke who are suitable for thrombolytic ther-
apy through: evaluation of the parenchyma with NECT, eval-
uation of the hemodynamics with CTP and evaluation of the
extra- and intra-cranial vessels with CTA.umbra and contralateral normal hemisphere.
Penumbra Normal contralateral hemisphere
5.8 ± 1.0 4.4 ± 1.1
2.3 ± 0.4 2.7 ± 0.6
16.4 ± 4.1 28.4 ± 7.6
Fig. 4 Acute stroke of 7 h duration in a 59-year-old woman with right hemiplegia. (A) NECT shows hypoattenuation of the left
temporo-parietal region. CT perfusion maps of MTT (B) CBV (C) and CBF (D) show prolonged MTT (arrows in B). A matched decrease
in CBV (0.9 mL/100 g) (arrows in C) and CBF (7.20 mL/min/100 g) corresponds to the infarct core. The reduction of CBF (arrows in D) is
nearly of the same size as CBV map denoting insigniﬁcant area of penumbra with increased risk of hemorrhage if thrombolytic therapy is
administrated. (E) Curved reformate MIP shows short segment of total left ICA occlusion.
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NECT and its key role was to exclude intracranial hemorrhage
(absolute contraindication to thrombolysis) or mimics of
stroke. The second role was to conﬁrm the presence of ische-
mic signs which was detected in 24 out of 35 patients. Winter-
mark et al., (7) stated that the current imaging standard foracute stroke patients within the ﬁrst 3 h after symptom onset
is NECT of the brain, which is sufﬁcient to enable not only
to exclude intracranial hemorrhage but also to detect early
signs of infarction. On the basis of these ﬁndings, intravenous
administration of tissue plasminogen activator can be safely
started within the 3-h window. The role of NECT alone in
Fig. 5 Acute stroke of 6 h duration in a 49-year-old man with right hemiplegia. (A) NECT shows hypoattenuation of the left parietal
region. CT perfusion maps of MTT (B) CBV (C) and CBF (D) show prolonged MTT (arrows in B). A matched decrease in CBV (0.63 mL/
100 g) (arrows in C) and CBF (8.40 mL/min/100 g) corresponds to the infarct core. The abnormalities in CBV and CBF maps (arrows in
D) are nearly of the same size denoting insigniﬁcant area of penumbra. (E) post contrast axial CT shows small sized left ICA (arrow)
compared to the right side. (F) VR shows long segment of signiﬁcant stenosis at the proximal left ICA (arrows).
78 A.E. Mousa et al.the care of acute stroke patients admitted after the accepted
time window is limited. However, in this extended time win-
dow (>3–4 h after symptom onset), comprehensive CT,
including CT angiography and perfusion CT, can provide
important complementary information regarding vessel pa-
tency and hemodynamic consequences of vessel occlusion,
respectively.The second step of CT imaging in the current study was
CTP to differentiate tissue that was already infarcted ‘‘infarct
core’’ from that still salvageable ‘‘penumbra’’. In the present
study, CTP provided a greater sensitivity in the detection of
ischemia than did NECT (100% versus 68.5%). The CTP stud-
ies in all patients showed visually detected MTT and CBF
abnormalities while NECT showed signs of ischemia in 24
Multimodal CT assessment of acute ischemic stroke 79patients. This was in agreement with Lin et al. (8), Parsons (9),
and Hopyan et al., (10). NECT signs of ischemic stroke (as
hemispheric hypo-attenuation, loss of cortical ribbon, hypo-
attenuation in the basal ganglia) are speciﬁc (85–95%) but
not sensitive (23.1–55.8%), since most of these signs occur rel-
atively late in the course of acute brain ischemia. The ability to
detect these early signs on NECT is quite variable, depending
on the size of the infarct, the time between symptom onset and
imaging, and the detection rate appears to be 667% in cases
imaged within 3 h (11,12). Khandelwal, (13) reported that up
to 40% of stroke patients have normal NECT in the ﬁrst
few hours and even if some of the subtle signs are present,
the observer may still miss them.
In the present study, the infarct core had signiﬁcantly de-
creased CBF and CBV values with prolonged MTT. On the
other hand penumbra demonstrated a signiﬁcant reduction
in the CBF values with insigniﬁcant difference in CBV values
that showed mild reduction in 31/35 patients and maintained
CBV in four patients. This mismatch between CBF and CBV
allowed the detection of penumbra and its extent. This was
in agreement with several studies (14–17) who stated that areas
of irreversibly infarcted tissue show matched areas of de-
creased CBF and CBV with increased MTT relative to the nor-
mal contralateral values. This pattern suggests neuronal death
with irreversible loss of function or core infarct. The areas of
potentially salvageable tissue ‘‘penumbra’’ show decreased
CBF with maintained CBV and prolonged MTT and have
been called CBV/MTT mismatch. Hence, the salvageable brain
tissue is equivalent to CBF–CBV. On the other hand Khandel-
wal (13) and Konstas et al. (18) stated that in penumbra, the
CBV may be maintained, increased or mildly decreased. They
attributed the maintained or increased CBV to that the auto-
regulation of the affected area is still functioning and the tissue
can survive. A study by Latchaw et al. (19) found that the mis-
match between ischemic lesion size on CTP-CBV and CBF
maps can be used much like MR diffusion weighted image/
MR perfusion (DWI/MRP) mismatch to operationally iden-
tify salvageable brain tissue in the acute stroke setting. Rai
et al. (20) mentioned that, the presence of penumbra at imag-
ing ‘‘perfusion mismatch’’ has important implications for
selection of the appropriate therapy, prediction of the clinical
outcome and to avoid the increased risk of hemorrhage.
In our study we found that the MTT and CBF maps were
sensitive for detection of ischemia, while CBV map was speciﬁc
for conﬁrmation of ischemia in regions with prolonged MTT
and for differentiation of infarction and penumbra. Winter-
mark et al. (11) reported that, MTT map was highly sensitive
for detecting ischemia; therefore it is useful in screening for
ischemia. CBF and CBV maps are the most speciﬁc CTP maps
to conﬁrm ischemia in regions with MTT abnormality.
In our study, a threshold of 2.0 ml/100 g for CBV was the
best parameter for differentiation of penumbra and infarction.
Different CBV values were reported in different researches.
Wintermark et al. (21), stated that CBV threshold of 2.5 ml/
100 g was selected within the ischemic area, and higher and
lower values were considered to represent the penumbra and
the infarction respectively. In a more recent study of Winter-
mark et al. (14), they reported that absolute CBV of 2.0 ml/
100 g was the parameter most accurately characterizing the in-
farct core which was in concordance with our results. Schaefer
et al. (15) stated that, no region with absolute CBV< 2.2 mL/
100 g survived.In the present study CBF value of 25% of the contralat-
eral normal hemisphere can deﬁne the ischemic tissue with
the lower and higher values that were considered to repre-
sent infarction and penumbra respectively. Different studies
(22,23) deﬁned the CBF of 50–60% (35 mL/100 g/min or
less) of normal contralateral values as oligemic stage and tis-
sue can survive as long as CBF is not further reduced. CBF
of approximately 30–40% (20 mL/100 g/min or less) of nor-
mal values is deﬁned as tissue at risk. At CBF of 20–30%
(10 mL/100 g/min or less) of normal contralateral values,
irreversible cell death occurs which was in agreement with
our results. Mayer et al. (24) reported that infarction oc-
curred in all patients with reduction of CBF of more than
30% of the contralateral normal side and in half of patients
with CBF reduction of 30–60% on follow up MR images to
show the ﬁnal infarction. In a study by Murphy et al. (25)
they used the absolute value of CBF and suggested the use
of CBF < 25 mL · 100 g1 · min1 for deﬁning areas of
infarct.
The CBV values of normal gray and white matter (gray
matter CBV 4 mL/100 g, white matter CBV 2 mL/100 g)
are not signiﬁcantly different as they are for CBF (average
CBF value: 60–70 mL/100 g/min in gray matter, 20 mL/
100 g/min in white matter). Differences in gray and white mat-
ter CBF values, and their respective ischemic thresholds (with
ischemic gray matter CBF values being close to normal white
matter CBF values), interfere with the use of CBF thresholds
to deﬁne the penumbra so, it is critical that the contralateral
regions of interest used for normalization have the same gray
matter/white matter ratio as the ipsilateral ischemic region un-
der study (14,18). In contrast to previous reports, Campbell
et al. (26) reported that the relative CBF corresponded with
the acute diffusion-weighted imaging lesion and was signiﬁ-
cantly better than absolute CBV with the optimal threshold
of <31% of the mean contralateral CBF to differentiate in-
farct core from penumbra.
The MTT values can be prolonged in transient ischemic at-
tack as well as stroke. This explains why the MTT increase
must be signiﬁcantly prolonged (>145%) as described by
Wintermark et al. (14) in order to reliably identify the tissue
at risk or penumbra in stroke patients. In the current study,
a threshold of more than 130% for MTT was found to differ-
entiate penumbra and infarct core.
Quantitative CTP parameters are shown to be effective in
demonstrating acute ischemia, distinguishing salvageable from
unsalvageable tissue, and predicting therapeutic outcome, yet
protocols and guidelines for quantitative thresholds vary. Dif-
ferences in CTP hardware and software can affect quantiﬁed
metrics (27–30). Recent CTP studies favor comparing the rel-
ative CTP values in the normal and affected hemispheres con-
sidering that as a safer approach than relying on absolute
values. This allows for variability in absolute quantiﬁcation
of CTP map parameters (20,31–33).
To date, different perfusion parameters with different
thresholds have been applied to identify areas of infarct core
and penumbra. Wintermark et al. (14) reported that, the mis-
match between the absolute CBV, with a threshold at 2.0 mL/
100 g, and the relative MTT, with a threshold at 145%, affords
the most accurate delineation of the tissue at risk of infarction.
Murphy et al. (34) demonstrated CBF · CBV as the best pre-
dictor for differentiating core infarct and penumbra, better
than CBF or CBV thresholds alone. In our study the CBV
80 A.E. Mousa et al.of 2 mL/100 g and MTT of more than 130% were the best
thresholds for differentiating infarct core and penumbra.
Vascular recanalization therapy for acute ischemic stroke
must be initiated within 3–6 h in a selected group of patients;
therefore, a rapid and accurate imaging technique is indispens-
able for management. Studies have shown that intravenous re-
combinant tissue plasminogen activator must be administered
within a 3 h window after symptom onset to provide beneﬁt to
selected patients. Intra-arterial thrombolysis is used in stroke
patients of more than 3 h window ‘‘within 6 h’’ after symptom
onset (6,7,17).
The main role of CT angiography is to reveal the status of
large cervical and intracranial arteries and thereby help deﬁne
the occlusion site, depict arterial dissection and grade collat-
eral blood ﬂow supplying the ischemic region. These critical
variables are very useful in providing guidance for the inter-
ventional neuroradiologist prior to thrombolysis and help
accurately predict the extent and location of the ﬁnal infarc-
tion (35). Detection of occlusion site on CTA helps in selecting
the type of thrombolysis. Occlusions of the ICA and MCA
stem respond better to intra-arterial thrombolysis while the
more distal MCA occlusion (M2 or M3) can give good re-
sponse with intravenous thrombolysis (36). In the current
study, CTA accurately detected the site of occlusion which is
an important factor for selection of the type of thrombolysis.
Tan et al. (37) reported that, patients who experience ische-
mia in the same vascular territory and have the same degree of
arterial patency can have different outcomes based on the pres-
ence or absence of extensive collateral blood ﬂow. Thus, the is-
sue of collateral circulation is an important factor in stroke
therapy to fully evaluate the effects of therapy. In the present
study CTA detected collateral circulation in 16 patients denot-
ing that they can give good response to stroke therapy.
In the present study CTA was performed after CTP as in
several studies (3,22,37). In a recent study by Dorn et al. (36)
that discussed the order of CT stroke protocol in two groups
of patients (group one: CTP before CTA; group two: CTA be-
fore CTP) found that reversal of CT stroke protocol had no
signiﬁcant inﬂuence on quantitative parameters of CTP. Sub-
jective evaluation of the CTA quality revealed no difference
between both protocols, except for the extra-cranial venous
contrast, which rated to be superior when CTA was performed
before CTP.
Multimodal CT study with multi-detector CT scanners af-
ford many advantages as: availability in most radiology
departments, short acquisition time, permitting CTA to be
obtained in the early arterial phase with minimal venous
contamination with multiplanar two- and three-dimensional
reformatted vascular images similar to those obtained with
catheter angiography, affording a complete evaluation of the
intracranial arteries. CT perfusion scanning can provide infor-
mation about multiple hemodynamic parameters (CBF, CBV,
and MTT) from one examination (37).
Limitation of the current study is the limited coverage of
the CT perfusion scanning to two adjacent 10-mm sections.
This limitation could be overcome with the use of 256 or 320
detector rows CT scanners. Recently introduced 320-detector
rows CT enables whole brain perfusion imaging without de-
crease in the temporal resolution compared to a limited scan-
ning area in 64- or lower detector rows CT scanner (38,39).
In the present study we found that stroke patients with
absent hemorrhages, presence of signiﬁcant penumbra andpresence of collateral blood ﬂow are the best candidates for
reperfusion therapy.
8. Conclusion
Multimodal CT imaging including non-enhanced CT, CT per-
fusion, and CT angiography fulﬁlls all the requirements for
selection of patients for stroke therapy. NECT can effectively
exclude hemorrhage as a contraindication to thrombolysis. CT
perfusion can adequately delineate the infarct core and the
ischemic penumbra (mismatch). CT angiography can deﬁne
the arterial occlusion or stenosis; and collateral blood ﬂow.
Multimodal CT imaging has the potential to improve patient
selection for reperfusion therapy and so help in stroke treat-
ment decisions.
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